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$D+1$ $R^{D+1}$ $H= \frac{1}{2}p_{\alpha}^{2}+V(x)$
$f(x)=0$ (1.1)
$D$ .
$x=(x_{1}, x_{2}, \cdots, x_{D+1})$ , $\alpha=1,2,$ $\cdots,$ $D+1$ , –
2 1 $D+1$ .
$x_{\alpha},$ $p_{\alpha}$ 50 Dirac [1]
. , 1.
$\{f_{\alpha},(x), p_{\alpha}\}=0$ , (1.2)
$[x_{\alpha}, x_{\beta}]=0$ , (1.3)
$[x_{\alpha}, p_{\beta}]=i\Lambda_{\alpha}\beta(X)$ , (1.4)
$[p_{\alpha}, p_{\beta}]=- \frac{i}{2}\{\frac{1}{R^{2}(x)}(f_{\alpha},(x)f_{\beta},\gamma(X)-f_{\beta},(X)f,\alpha\gamma(X)),$ $p\gamma\}$ (1.5)
$f_{\alpha},(x) \equiv\frac{\partial f(x)}{\partial x_{\alpha}}$, $f_{)} \alpha\beta(_{X)}\equiv\frac{\partial^{2}f(x)}{\partial x_{\alpha}\partial x_{\beta}}$
1Dirac ,
.
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$R^{2}(X)\equiv f,\alpha(X)f_{\alpha},(x)$ , $\Lambda_{\alpha\beta}(X)\equiv\delta_{\alpha\beta}-,\frac{f_{\alpha}(x)f_{\beta}(X)}{R^{2}(x)},$ . (1.6)
$(1.3)\sim(1.5)$ (11), (1.2) .
$<\chi|\varphi>$ , $x$ $\varphi(x),$ $\chi(x)$
$<\chi|\varphi>=Id^{D+1}X\delta(f(_{X}))\chi^{*}(X)\varphi(_{X})$ (1.7)
. , $(1.2)\sim(1.5)$ $f(x)=0$ Dirac .
, Dirac $x_{\alpha},$ $p_{\alpha}$
, – , , \searrow
. .
(1.4), (1.5) Lie .
$x_{\alpha}arrow\rho x_{\alpha}$ , $p_{\alpha} arrow\frac{1}{\rho}p_{\alpha}$ $(\rho>0)$ (18)
.
$f(x)arrow\overline{f}(x)\equiv f(\rho x)$ (1.9)
$(1.1)\sim(1.5)$ ,
$\int d^{D+1_{X}}\delta(f(x))=\rho^{D+1}\int d^{D+1}x\delta(\overline{f}(X))$ (1.10)
. $\varphi(x),$ $\chi(x)$
$\varphi(x)arrow\varphi(\rho x)=\rho^{-(D+1}\overline{\varphi}()/2x)$ , $\chi(x)arrow\chi(\rho x)=\rho^{-(D+1)}\overline{\chi}(/2X)$ (1.11)
.








$[x_{\alpha}, x_{\beta}]=0$ , (23)
$[x_{\alpha}, p_{\beta}]=i\Lambda_{\alpha\beta()}’x$ , (2.4)
$[p_{\alpha}, p_{\beta}]=- \frac{i}{2}\{\frac{1}{R^{l2}(_{X)}}(g_{\alpha},(X)g,\beta\gamma(X)-g,\beta(X)_{\mathit{9}},\alpha\gamma(x)),$ $p\gamma\}$ , (25)
.
$R^{;2}(X)=g_{\alpha},(X)g_{\alpha},(x)$ $\Lambda_{\alpha\beta}’(X)=\delta_{\alpha\beta}-,,\frac{g_{\alpha}(x)g,\beta(X)}{R^{2}(x)}$ . (2.6)
. , $f(x)=0$ $g(x)=0$ diffeomorphic mapping








$p_{\alpha}’= \frac{1}{2}\{(\Lambda’(_{X}J)[\partial x/\partial x]’)\alpha\beta, p_{\beta}\}$ ,
(2.9)
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$x_{\alpha}’,$ $p_{\alpha}’$ $g(x)=0$ Dirac . $\Lambda’(x’),$ $[\partial x/\partial x’]$
$(D+1)$ $\alpha-\beta$ $\Lambda_{\alpha\beta}’(X’),$ $\partial x_{\beta}/\partial x_{\alpha}’$ .
(ii) (2.9) 2 $p_{\alpha}$ – , .
$p_{\alpha}= \frac{1}{2}\{(\Lambda(X)[\partial x\text{ }/’\partial x])_{\alpha\beta}, p_{\beta}’\}$ . (2.10)
2 .
1. $A,$ $B,$ $C$ $[[C, A],$ $B]=0$
$\{A, \{B, C\}\}=\{\{A, B\}, C, \}$ . (2.11)
, $[A, B]=0$
$\frac{1}{2}\{A, \{B, C\}\}=\{AB, C\}$ . (2.12)
( )
2. .
$\Lambda(x)[\partial x’/\partial x]\Lambda’(x’)=\Lambda(x)[\partial_{X’}/\partial x_{\rfloor}1$ . (2.13)
[
(2.6) $\Lambda_{\gamma\beta}^{l}(x’)$ $(l.h.s.)$
$(\alpha, \beta)$-element of $l.h.s$ . $=( \Lambda(x)[\partial X’/\partial X])_{\alpha}\beta-,\frac{1}{R^{2}(x)},\Lambda_{\alpha}\rho(x)\frac{\partial x_{\gamma}’}{\partial x_{\rho}}g,\gamma(X)Jg,\beta(x)$’
$=( \Lambda(x)[\partial x’/\partial x])_{\alpha}\beta-,\frac{1}{R^{2}(x)},\Lambda_{\alpha}(\rho x)f,\rho(x)_{\mathit{9},\beta}(x)/$
’
$=(\Lambda(x)[\partial x’/\partial x])_{\alpha\beta}$ ,
, (2.8) $\Lambda_{\alpha\rho}(x)f_{\rho},(x)=0$ . [ ]
, (ii) .
(2.9) 2 $(\Lambda(x)[\partial x’/\partial x])_{\gamma\alpha}/2$ $\alpha$ , (2.11)
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$\frac{1}{2}\{(\Lambda(x)[\partial x^{r}/\partial X])_{\gamma\alpha}, p_{\alpha}’\}=\frac{1}{4}\{(\Lambda(x)[\partial X’/\partial x])_{\gamma\alpha},$ $\{(\Lambda’(x)J[\partial x/\partial x’])_{\alpha\beta,p_{\beta}}\}\}$
$= \frac{1}{2}\{(\Lambda(x)[\partial x’/\partial X]\Lambda’(x’)[\partial_{X’}/\partial X])_{\gamma\beta,p_{\beta}}\}$
$= \frac{1}{2}\{(\Lambda(x)[\partial X/’\partial_{X}][\partial_{X}/\partial X]’)\gamma\beta, p_{\beta}\}=\frac{1}{2}\{\Lambda_{\gamma}\beta(_{X),p\beta}\}$
(2.12), (2.13) . (1.6) $\Lambda_{\gamma\beta}(x)$
, (2.12), (1.2)
$p_{\gamma}- \frac{1}{2}\{\frac{f_{\gamma})(x)f_{\beta}(X)}{R^{2}(x)},,$ $p_{\beta\}}=p_{\gamma}- \frac{1}{4}\{’\frac{f_{\gamma}(x)}{R^{2}(x)},$ $\{f_{\beta},(X), p_{\beta}\}\}$
$=p_{\gamma}$ ,
. (ii) . (2.9) 2 (2.12) – ,
. , $p_{\alpha},\overline{p}_{\alpha}$ , (2.9)
$2p_{\alpha}’=\{(\Lambda’(x)’[\partial x/\partial x’])_{\alpha}\beta, p_{\beta}\}=\{(\Lambda’(X’)[\partial x/\partial_{X’}])\alpha\beta,\overline{p}_{\beta}\}$ .
$0=\{(\Lambda’(x’)[\partial x/\partial x’])_{\alpha\beta}, (p_{\beta}-\overline{P}\beta)\}$ , $p_{\beta}-\overline{P}\beta=0$ .
– .
(i) .
(2.2) . (2.9) 2 $g_{\alpha},(X^{J})$
$\{g_{\alpha},(x’), p_{\alpha}\}/=\frac{1}{2}\{g_{\alpha},(x’),$ $\{(\Lambda’(X’)[\partial_{X}/\partial X]’)\alpha\beta, p_{\beta}\}\}$
$=\{g_{\alpha},(x^{;})\Lambda’(\alpha\gamma X’)[\partial_{X/\partial X}J]_{\gamma}\beta,$ $p\beta\}=0$ ,
, (2.12) $g_{\alpha},(x’)\Lambda_{\alpha\gamma}’(x^{;})=0$ .
(2.4) . $x_{\alpha}’$ $p_{\beta}’$ , (2.9)
$[X_{\alpha}^{;\prime}, p_{\beta}]= \frac{1}{2}[x_{\alpha}’, \{(\Lambda’(_{X}J)[\partial x/\partial X]’)\beta\gamma’ p\gamma\}]$
$=(\Lambda’(x)’[\partial x/\partial x’])_{\beta\gamma}[x_{\alpha}’, p_{\gamma}]=i(\Lambda’(x)’[\partial x/\partial x’])\beta\gamma\Lambda(\gamma p)X[\partial x’/\partial x]_{\rho\alpha}$
$=i(\Lambda’(x’)[\partial x/\partial x’][\partial x’/\partial x])_{\beta\alpha}=i\Lambda_{\alpha\beta}’(x)’$ .
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, (2.4) . (2.13) $\Lambda’(X’)[\partial x/\partial x’]\Lambda(x)=$
$\Lambda’(X’)[\partial x/\partial x’]$ .
(2.5) . (2.9) 2 ,
. $[p_{\alpha}’’, p_{\beta}]$ (1.4), (1.5) , $p_{\gamma}(\gamma=1,2, \cdots, D+1)$
1 . , (2.10) $p_{\gamma}$
$[p_{\alpha}’, p_{\beta}’]= \frac{i}{2}\{c_{\gamma}^{1}\alpha\beta](x’), p_{\gamma}’\}$ (2.14)
. , $c_{\gamma}^{[\alpha\beta]}(x’)$ $x’$ . $x_{\gamma}’$ (2.14)
, (2.4), (2.6)
$[x_{\gamma}’, [p_{\alpha}’, p’\beta]]=[[X_{\gamma}’, p_{\alpha}^{J}],$ $p\beta]’+[p_{\alpha}’, [x_{\gamma}’’, p_{\beta}]]$








$+i[ \frac{g_{\gamma})(x’)g_{\alpha}(_{X^{;}})}{R^{2}(X’)},’,$ $p_{\beta}’]-i[’, \frac{g_{\gamma}(_{X’})g_{\beta}(_{X’})}{R^{2}(x)},,,$ $p’\alpha]$
. $c_{\gamma}^{[\alpha\beta}(]x’)$ (2.14)
$[p_{\alpha}, p_{\beta}];’= \frac{i}{2}\{\frac{1}{R^{\prime 2}(X’)}c_{\rho\rho}[\alpha\beta](x’)g,(X^{;})g)\gamma(x’),$ $p^{J}\gamma\}$
$- \frac{1}{2}(\{[\frac{1}{R^{\prime 2}(_{X^{l}})}g_{\alpha},(X’)_{\mathit{9},\gamma}(_{X’}),$ $p_{\beta],p_{\gamma}’}’\}-(\alpharightarrow\beta)).$ (2.15)
(2.12) (2.2) , 1 $0$ . ,
2 $[\cdot, . , p_{\beta}’]$ , (2.4)
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$[ \frac{1}{R’2(x^{J})}g_{\alpha},(X)\prime g_{\gamma},(_{X}’),$ $p_{\beta}^{J}]=i \Lambda_{\rho\beta}’(_{X’})\frac{\partial}{\partial x_{\rho}’}(\frac{1}{R^{J2}(x’)}g_{\alpha},(_{X’})g_{\gamma(},x)’)$
$= \frac{i}{R^{;2}(X’)}(g_{\alpha\beta},(X)g,\gamma(X’)-_{\mathit{9},\alpha}(X’)g,\beta(_{X}’)g,\rho(X)_{\mathit{9}}\prime\prime,\gamma(X’)\frac{\partial}{\partial x_{\rho}’}(\frac{1}{R^{\prime 2}(X’)})$
$-, \frac{g_{\alpha}(x\prime)g,\beta(x’)g_{\rho}(_{X’})g_{\gamma p}(_{X}\prime)}{R^{\prime 2}(x)},,’)+\frac{i}{R^{l2}(X’)}g_{\alpha},(_{X}/)g,\beta\gamma(x)J$
$- \frac{i}{R^{\prime 4}(x’)}(2g_{\beta\rho},(x’)g_{\alpha},(X^{;})g_{p},(x)’,(+g_{\alpha\rho}X^{;})g_{\rho},(x’)g,\beta(_{X^{:}}))\mathit{9},\gamma(X’)$ .
$[ \frac{1}{R^{J2}(x’)}g_{\alpha},(X’)g_{\gamma},(_{X}’),$ $p_{\beta}^{J}]-(\alpharightarrow\beta)$
$= \frac{i}{R^{l2}(_{X’)}}(g)(\alpha x’)g,\beta\gamma(x)’-g_{\beta},(x);(x’))\mathit{9},\alpha\gamma$
$- \frac{i}{R^{\prime 4}(X’)}(g_{\alpha},(X’)g,\beta\rho(_{X’})g,\rho(x)/-g,\beta(X)’(g,\alpha\rho x)’(g,\rho x’))g_{\gamma},(X’)$
. $p_{\gamma}’$ . (2.12) (2.2)
2 $0$ . 1 $-1/2$
(2.15) ,
$[p_{\alpha}’, p_{\beta}’]=- \frac{i}{2}\{\frac{1}{R^{\prime 2}(x)\prime}(g,\alpha(x’)_{\mathit{9}},\beta\gamma(X)’-g,\beta(x’)g,\alpha\gamma(X)’),$ $p_{\gamma}’\}$
. (2.5) .
.
diffeomorphic mapping $x_{\alpha}^{l}=x_{\alpha}’(x)$ ,




$\int d^{D+1}X\delta(f(X))=\int d^{D+1}X\delta(g(X))$ (2.16)
, diffeomorphic mapping
, . , (2.8) (2.16)
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diffeomorphic mapping , area-preserving
$d^{D+1}x\delta(f(x))=d^{D+1_{X’}}\delta(g(X)’)$ (2.17)
( ) [2] 2. (2.17) $\delta(f(x))=\det[\partial x^{l}/\partial x]\delta(f(x))$
. diffeomorphic mapping , area-preserving mapping




$\int d^{D+1}x\delta(f(X))x^{*}(x)\varphi(X)=\int d^{D+1}X\delta(g(x))x^{;}(*X)\varphi’(X)$ (2.19)
.
, $f(x)=0$ Dirac , area-preservinng
mapping , $g(x)=0$ Dirac .
(2.9) – , 1 1 ,
$-$ Hilbert . , - Dirac
Dirac . , $f(x)=0$ Dirac
, $f(x)$ .
.
, area-preservinng mapping – , $f(x)=0$
.
$\int d^{D+1_{X}}\delta(f(X))x^{*}(X)\Psi(X)=\int d^{D+1}x\delta(f(X))x(’*X)\varphi’(x)$ . (2.20)








. primary constraint area-preservinng mapping
, .
, $x_{\alpha},$ $p_{\alpha}$ $f(x)=0$ Dirac
$x_{\alpha}^{l},$ $p_{\alpha}’$ $g(x’)=0$ Dirac ,
. , –
. $g(x’)=0$
$H’= \frac{1}{2}p_{\alpha}^{\prime 2}+V(x’)$ . , $f(x)=0$ $H= \frac{1}{2}p_{\alpha}^{2}+V(x)$ , (2.9)
$x_{\alpha}’,$ $p_{\alpha}’$ . primary constraint
$H’$ $H$ , ,
.
3
, , $D$ $f(x)=0$ $D$ $S^{D}$




$p_{\alpha}’= \frac{1}{2}\{(\Lambda(X)J[\partial x/\partial X]’)_{\alpha}\beta, p_{\beta}\}$
. (2.10) $f(x)$ $g(x)$ , $x_{\alpha}’=x_{\alpha}’(x)$
$f(X’)=g(x)$ (3.2)
. $x_{\alpha},$ $p_{\alpha}$ $(2.1)\sim(2.5)$ , $x_{\alpha}’$ , $p_{\alpha}’$
$(1.1)\sim(1.5)$ .
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, $g(x)=0$ $S^{D}$ .
$g(x)=x_{\alpha^{X}\alpha}-1$ . (3.3)
$S^{D}$ 1 . , $S^{D}$ Dirac
$D$ [3].
(3.1) $f(x)=0$ Dirac .
, $S^{D}$ Dirac .
, $x$
$L_{\alpha\beta} \equiv\frac{1}{i}(X_{\alpha^{\frac{\partial}{\partial x_{\beta}}}}-X_{\beta^{\frac{\partial}{\partial x_{\alpha}}}})$ (3.4)
$(\alpha, \beta=1,2, \cdots, D+1)$
. $x_{\alpha}$
$x_{\alpha}x_{\alpha}-1=0$ (3.5)




$p_{1}=- \frac{1}{2}\{_{X_{2}}, L_{12}\}-\alpha X_{2}$ ,
$p_{2}=$ $\frac{1}{2}\{x_{1}, L_{12}\}+\alpha x_{1}$
$(0\leq\alpha<1)$ (36)




$p_{\beta}= \frac{1}{2}\{x_{p}, L\}\rho\beta$ (3.7)
, – .
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(3.6), (3.7) $p_{\alpha}$ , ,
, [3].
$p_{\alpha}$ , $\int dx^{D+1}\delta(x_{\alpha}x\alpha-1)x^{*}(X)\varphi(x)$
.
p (3.1) , $S^{D}$ diffeomorphic $f(x)=0$
Dirac .
$D=1$




, $\epsilon_{12}=-\epsilon_{21}=-1,$ $\epsilon_{11}=\epsilon_{22}=0$ .
$D\geq 2$
$p_{\beta}’= \frac{1}{2}\{(\Lambda(X^{J})[\partial_{X’}/\partial X])_{\beta\gamma}x_{\rho}, L_{\rho}\gamma\}$ (3.9)
, . , $x_{\alpha}’$
$\partial_{\alpha}’$ . , $S^{D}$ $f(x)=0$
area-preserving mapping $x_{\alpha\alpha}’=X(\prime x)$ ( )
, . .
$D\geq 2$ . $S^{D}$ Dirac
$\xi_{A}(A=1,2, \cdots, 2(D+1))3$ . area-preserving mapping $\phi$ $\tilde{\phi}$
$f(x)=0$ Dirac $\xi_{A}’$ $\tilde{\xi}_{A}’$
,
$\xi’=\emptyset(\xi)$ , $\tilde{\xi}’=\tilde{\emptyset}(\xi)$ (3.10)
4. $\tilde{\xi}\equiv\phi^{-1}(\tilde{\xi}’)$ , $\tilde{\xi}$ $S^{D}$ Dirac .
3
$\xi_{\alpha}=x_{\alpha},$ $\xi_{\alpha+D+1}=p_{\alpha}(\alpha=1,2, \cdot*\cdot, D+1)$ . $\xi_{A}’$ , $\overline{\xi}_{A}’$ , $\tilde{\xi}_{A}$
.
4 , 1 $\xi_{A}’=\phi_{A}(\xi)$ , . .
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(3.10) 2
$\tilde{\xi}=\phi^{-1}\cdot\tilde{\emptyset}(\xi)$ . ’ (3.11)
, $\phi^{-1}\cdot\tilde{\phi}$ $S^{D}$ area-preserving mapping .
, mapping , ( $U$
) . – , $S^{D}$
$\xi$
$\tilde{\xi}$ , $\tilde{\xi}=U^{\uparrow}\xi U$ . $\phi$
$\tilde{\xi}’=U\dagger\emptyset(\xi)U=U\dagger\xi’U$ (3.12)
$\tilde{\xi}_{A}’=U^{\uparrow\xi^{;}A}U$ , $D\geq 2$ , (3.9) 2 area-preserving
mapping $f(x)=0$ Dirac
.
$D=1$ , $f(x)=0$ Dirac , $\alpha$
, . $\alpha$
.
, (3.8), (3.9) $p_{\beta}’$ .
( ) , ,
area-preserving mapping $x_{\alpha}’=x_{\alpha}’(x)$ $x$ ,
. . ,




. . , $(-\infty, \infty)$




1. $S^{D}$ difffeomorphic Dirac , smooth
. , ,
topology , . , primary constraints
, ,
.







, area-preserving mapping ,
. (1.7)
$\int dx^{D+1}\delta(f(x))|x><x|=1$ (4.1)
$|\varphi>$ $\varphi(x)=<x|\varphi>$ . , area-preserving
mapping $g(x’)=f(x)$ , $g(x)$
$|x’>’\equiv|x>$
$I^{dX^{;D+}\delta(}1)|\mathit{9}(_{X’})x’><x’’\backslash |=1$ (4.2)













Dirac , , $S^{1}$
,
[4]. $S^{1}$ 1 $SO(2)$
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